The Standard Model (SM) describes all known fundamental particles and their interactions, excluding gravity. It has survived rigorous experimentation over four decades. However some observations, like baryon matter asymmetry in the universe, remain inadequately explained. This asymmetry requires breaking of Charge-Parity (CP ) symmetry [1], among other requirements.
The CKM angle γ
The Standard Model (SM) describes all known fundamental particles and their interactions, excluding gravity. It has survived rigorous experimentation over four decades. However some observations, like baryon matter asymmetry in the universe, remain inadequately explained. This asymmetry requires breaking of Charge-Parity (CP ) symmetry [1] , among other requirements.
In 1973, M. Kobayashi, and T. Maskawa [2] , proposed the Kobayashi-Maskawa mechanism, now known as the Cabibbo-Kobayashi-Maskawa (CKM) formalism. In this formalism, the CKM matrix quantifies the couplings between quarks of different flavour. It is a transformation between quark mass and flavour eigenstates:
Presence of complex phases in some of the couplings lead to CP violation in particle decays. Expressing the CKM matrix using the Wolfenstein parametrisation [3] ,
provides a description of the CP violating particle decays involving the complex phases on V ub , V td , and V ts . Imposing unitarity conditions allows us to represent the CKM matrix by six triangles on the complex plane. Precise determination of the CKM triangle is needed to scrutinise the consistency of the SM. Although there have been many efforts to measure the triangle before, the angle γ, γ = arg(−V ud V
The LHCb detector
All analyses discussed here are performed with data recorded with the LHCb detector at CERN. The LHCb detector operates in the busy hadronic environment of the Large Hadron Collider. The design and performance of the detector are discussed in greater detail elsewhere [4] . It operates as a precise momentum spectrometer with a pseudo-rapidity coverage in the forward region, 2 < η < 5, which covers 40% of the beauty production crosssection. It offers excellent track reconstruction and decay vertex resolution making it ideal for studying long-lived particles like B -mesons. LHCb includes two Ring-Imaging Cherenkov (RICH) detectors for particle identification, allowing for powerful discrimination between kaons, pions, and protons. Together with the calorimeters and the muon detector, LHCb provides identification of muons, electrons, and photons. These capabilities are essential to study the fully hadronic decay modes described later.
3 Measuring γ using hadronic tree decays
Past γ measurements were done by the BaBar and Belle collaborations using coherent production of charged B -meson decays. In 2012, the Belle collaboration reported a γ value of (68 +15 −14 )
• [5] . Similarly, the BaBar collaboration reported γ to be (69
. In this article I will summarise γ measurements at LHCb from tree decays of B -mesons, as opposed to the determination through charmless B -decays with higher order diagrams [7] , leading to the world's most precise determination. The measurements can be categorised into two types: decay-time integrated, and decay-time dependent. To gain precision, we statistically combine the different results. I conclude with an outlook on the future of γ measurements.
CP violation in decay-time integrated B
± → Dh So far only D decays where they decay into CP -even eigenstates (e.g.
, or other modes like D → π − K + [9] have been considered. These two methods are named after the initials of the proponents as "GLW", and "ADS" respectively. For the ADS modes, the B − → D 0 K − decay is followed by a doubly Cabibbo-suppressed D decay, whereas the suppressed B − → D 0 K − is followed by a favoured D decay mode. This results in comparable amplitudes for both decay paths, leading to larger interference in comparison to GLW modes. A schematic diagram illustrating this effect is shown in Fig. 1 .
showing relative amplitude and interference of B ± → Dh ± decays considered by the ADS, and GLW methods.
Notable observables for both of these methods are partial widths ratios and CP asymmetries shown below.
The variables labelled CP + correspond to modes where the D decays to CP -even eigenstates (GLW), and the variables corresponding to the ADS method are labelled ADS. B decay rate ratios are called R, whereas CP asymmetries are called A. The observables in Eqs. (4-7) have been expressed in terms of amplitude ratios (r B and r D ), strong phase differences (δ B and δ D ), and the CKM angle γ (see Fig. 1 for an illustration depicting the role of the physics parameters). The GLW method has the advantage of having larger event statistics, owing to favoured D decay modes, whereas the ADS method can boast large intereference due to comparable decay amplitudes. The invariant mass distributions from these measurements are shown in Fig. 2 . The top row shows events measured using the GLW method, and events measured with the ADS method are shown below. Analysis of the B → DK ADS mode shows evidence of a large negative asymmetry at 4.0σ significance. Similarly the combined B → Dh GLW modes show positive asymmetries (4.5σ) [10] . Subsequently, measurements for suppressed ADS modes, where the D undergoes a 4-body decay to Kπππ were also performed successfully [11] .
Yet another method to extract γ from B ± → DK ± decays, involves the D decaying to a self CP -conjugate state like:
, henceforth collectively referred to as K 0 S h + h − . This method is labelled "GGSZ" after the initials of the proponents. The idea is to compare D → K 0 S h + h − final states in the Dalitz plane between B + → DK + and x ± = r B cos(δ B ± γ), and y ± = r B sin(δ B ± γ),
where x ± and y ± are Cartesian parameters sensitive to γ. Analysing the complete 3fb -1 dataset, we find best fit values for the observables in Eq. (8) are consistent with non-zero. Fig. 3 shows the best fit values and two of the corresponding Dalitz plots [14] . S and the π + , and m − is constructed from the K 0 S and π − . Best fit values of (x ± , y ± ) from the GGSZ analysis are shown on the right. Central values are indicated by a star; 1σ, 2σ, and 3σ confidence levels are also shown.
CP violation in time-
s → D ∓ s K ± decays present an opportunity to measure γ from tree decays by studying the decay-time distribution of the B s -meson [15] . Both B 0 s and B 0 s can decay to the two final states: D − s K + and D + s K − . This leads to a superposition of four decay equations, with five CP violation parameters which depend on γ. In this analysis, we first perform a multidimensional mass fit to the B s -mass, D s -mass, and Kaon particle identification distributions to determine the proportions of different physics contribution in our signal mass window. Subsequently we fit the decay-time distribution and extract the CP observables and find γ = (115 
Combination of γ measurements
We perform a χ 2 combination of all the experimental inputs from the B ± → Dh ± decays (including B → Dπ). Results from the ADS and GLW analyses with 1fb -1 of data, and the GGSZ analysis using 3fb -1 of data are combined. Effects of D 0 mixing [17] are taken into account and hadronic parameters for the D 0 from the CLEO collaboration [18] are used. We find γ = (67 ± 12) • at 68% C.L [19] . The result presented above was the world's most precise measurement of the angle γ at the time of the conference. However, since then an updated result of γ = (73 +9 −10 ) • was presented by the LHCb collaboration [20] . The new result includes other B decay modes, such as, B → DK * [21] , and new D decay modes for existing channels, like B → Dh, D → K 0 S Kπ [22] . These two analyses along with the updated GGSZ analysis [23] use the complete 3fb -1 dataset. The updated combination also includes the decay time-dependent measurement of B 0 s → D ∓ s K ± decays. In the long run, precision of γ measurement at LHCb is expected to improve significantly. Table 1 ing possibility to contribute to γ measurement [26] was also reported by LHCb. To conclude, precision of the measurement of angle γ has been improving steadily. LHCb is expected to make significant contribution towards this goal over the coming years.
